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(57) ABSTRACT

A shatt support device for a turbomachine including a rotary
body and a stationary body. The rotary body 1s attached to a
shaft of the turbomachine, and includes a first portion and a
second portion. The first portion has a thrust bearing collar
and the second portion has a thrust balance piston. The first
and second portions are axially overlapping. The stationary
body 1s fixably attached to a casing of the turbomachine. The
stationary body has a first thrust bearing portion that 1s dis-
posed adjacent to and operatively engages the first portion of
the rotary body.
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COMPACT SHAFT SUPPORT DEVICE FOR
TURBOMACHINES

BACKGROUND

[0001] The present disclosure relates to fluid machinery,
and more particularly to shatt support devices, such as bear-
ings, for rotating components of fluid machinery.

[0002] Turbomachines, such as centrifugal compressors,
may 1nclude a rotatable shait and one or more working com-
ponents (e.g., impellers) mounted on the shait. During use of
the turbomachine, the shatt 1s subjected to various axial and
radial loads. To support the rotating shait and various loads on
the shaft, one or more shaft support devices, such as bearings,
balance pistons, etc., may be provided.

[0003] Certainshait support devices support radial loading,
such as journal or rolling element bearings, while other shafit
support devices, such as thrust bearings, balance pistons, etc.,
support axial loading on the shaft. Typically, the various shait
support devices may be spaced at least partially axially along
the shaft. Thus, to accommodate the various shaft support
devices, it may be necessary to increase the axial length of the
shaft, which may increase the size and cost of the turboma-
chine.

SUMMARY

[0004] Embodiments of the disclosure may provide a shaft
support device for a turbomachine including a rotary body
attached to a shaft of the turbomachine. The rotary body
includes an 1nner portion having a thrust balance piston, and
an outer portion having a thrust bearing collar. The outer
portion 1s disposed at least partially radially outward from the
inner portion and axially overlaps the mner portion. The
exemplary shaft support device further includes a stationary
body disposed within and fixably connected to a casing of the
turbomachine. The stationary body includes a thrust bearing,
portion operatively engaging the thrust bearing collar of the
outer portion of the rotary body, and sealingly engaging the
inner portion of the rotary body.

[0005] FEmbodiments of the disclosure may further provide
a shaft support device for a turbomachine including a rotary
body attached to a shait of the turbomachine. The rotary body
includes a first portion having a thrust balance piston and a
second portion having a thrust bearing collar. The first and
second portions are axially overlapping. The exemplary shaft
support device further includes a stationary body fixably
attached to a casing of the turbomachine. The stationary body
includes a first thrust bearing portion disposed adjacent to and
operatively engages the first portion of the rotary body.
[0006] Embodiments of the disclosure may also provide a
shaft support device for a turbomachine including a rotary
body connected to a shaft of the turbomachine. The rotary
body includes a plurality of thrust bearing collars, each of
which 1s at least partially axially overlapping another one of
the plurality of thrust bearing collars. The exemplary shaft
support device also includes a stationary body fixably con-
nected to a casing of the turbomachine. The stationary body
includes a plurality of thrust bearing portions, each of which
1s disposed adjacent to and operatively engages one of the
plurality of thrust bearing collars.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present disclosure 1s best understood from the
tollowing detailed description when read with the accompa-
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nying Figures. It 1s emphasized that, in accordance with the
standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features
may be arbitrarily increased or reduced for clarity of discus-
S1011.

[0008] FIG. 1 illustrates a partial axial cross-sectional per-
spective view of an embodiment of a compressor 1n accor-
dance with the disclosure.

[0009] FIG. 2 illustrates an enlarged, axial cross-sectional
view ol an embodiment of a shait support device 1n accor-
dance with the disclosure.

[0010] FIG. 3 illustrates an enlarged view of the embodi-
ment of the shaft support device of FIG. 2, shown without a
radial bearing assembly in accordance with the disclosure.
[0011] FIG. 4 illustrates a partly broken-away, enlarged,
axial cross-sectional view 1n perspective ol an embodiment of
the shaft support device in accordance with the disclosure.
[0012] FIG. 5 illustrates an enlarged, axial cross-sectional
view ol a portion of an embodiment of the shaft support
device 1 accordance with the disclosure.

[0013] FIG. 6 illustrates a broken-away, axial cross-sec-
tional view of a shaft support device 1n accordance with the
disclosure.

DETAILED DESCRIPTION

[0014] It 1s to be understood that the following disclosure
describes several exemplary embodiments for implementing
different features, structures, or functions of the invention.
Exemplary embodiments of components, arrangements, and
configurations are described below to simplily the present
disclosure, however, these exemplary embodiments are pro-
vided merely as examples and are not intended to limit the
scope of the invention. Additionally, the present disclosure
may repeat reference numerals and/or letters in the various
exemplary embodiments and across the Figures provided
herein. This repetition 1s for the purpose of simplicity and
clarity and does not 1n 1tself dictate a relationship between the
various exemplary embodiments and/or configurations dis-
cussed 1n the various Figures. Moreover, the formation of a
first feature over or on a second feature in the description that
follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
tformed interposing the first and second features, such that the
first and second features may not be 1n direct contact. Finally,
the exemplary embodiments presented below may be com-
bined 1n any combination of ways, 1.e., any element from one
exemplary embodiment may be used 1n any other exemplary
embodiment, without departing from the scope of the disclo-
sure.

[0015] Additionally, certain terms are used throughout the
tollowing description and claims to refer to particular com-
ponents. As one skilled 1n the art will appreciate, various
entities may refer to the same component by different names,
and as such, the naming convention for the elements
described herein 1s not intended to limit the scope of the
invention, unless otherwise specifically defined herein. Fur-
ther, the naming convention used herein 1s not mtended to
distinguish between components that differ 1n name but not
function. Further, in the following discussion and in the
claims, the terms “including” and “comprising” are used in an
open-ended fashion, and thus should be interpreted to mean
“including, but not limited to.” All numerical values 1n this
disclosure may be exact or approximate values unless other-
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wise specifically stated. Accordingly, various embodiments
of the disclosure may deviate from the numbers, values, and
ranges disclosed herein without departing from the intended
scope.

[0016] Referring now to the drawings in detail, wherein
like numbers are used to indicate like elements throughout,
there 1s shown 1n FIG. 1 a shait support device 10 for a
turbomachine 1. The turbomachine 1 may include a casing 2
and a shaft 3 disposed 1n the casing 2 which 1s rotatable about
a central axis 4. The shaft support device 10 includes a rotary
body 12 connected with the shait 3 so as to be rotatable about
the central axis 4. The shaft support device 10 also includes a
stationary body 14 that 1s disposed within and fixedly con-
nected to the casing 2 and 1s immovable with respect to the
central axis 4.

[0017] The rotary body 12 includes first and second por-
tions 13a and 135, respectively. In an exemplary embodi-
ment, the second portion 135 may be disposed at least par-
tially radially outward from the first portion 13a¢, and
therefore the first portion 13a may be described herein as the
inner portion 13a, and the second portion 135 may be
described herein as the outer portion 1354. It will be appreci-
ated, however, that the described relative location of the first
and second portions 13q, 135 1s merely exemplary and other
arrangements of the first and second portions 13a, 135,
including the reverse of that just described, are contemplated
herein. Each of the mner and outer portions 13a, 1356 are
configured to provide one or more thrust bearing collars and/
or one or more thrust balance pistons. In the exemplary
embodiment shown in FIGS. 1-4, the outer portion 135 pro-
vides a thrust bearing collar 16 and the inner portion provides
a thrust balance piston 18. In the exemplary embodiment
shown 1 FIG. 6, the mner and outer portions 13q, 135 are
cach configured to provide the thrust bearing collar 16. In
other embodiments, the inner portion 13a¢ may provide the
thrust bearing collar 16, and the outer portion 135 may pro-
vide the thrust balance piston 18 (structure not shown). In
other exemplary embodiments, the mner and outer portions
13a, 136 may include other arrangements of thrust bearing
collars and thrust balance pistons.

[0018] Further, the stationary body 14 includes at least one
thrust bearing portion 20 that may be disposed adjacent to the
outer portion 13b; however, 1n other exemplary embodi-
ments, the thrust bearing portion 20 may be disposed adjacent
to the inner portion 13a. In an exemplary embodiment, the
thrust bearing portion 20 1s operatively engageable with the
outer portion 135, so as to support axial loading on the shaft
3 and/or to substantially prevent axial displacement of the
shaft 3. The stationary body 14 may include the thrust bearing
portion 20, as shown 1n FIGS. 1-3, and 1n other embodiments,
examples ol which are shown in FIGS. 4-6, the stationary
body 14 may include first and second thrust bearing portions
21a, 215, which may also be described herein as inner and
outer thrust bearing portions 21a, 215, and may even include
additional thrust bearing portions (not shown).

[0019] As shown in FIG. 1, 1n an exemplary embodiment,
the outer portion 135 of the rotary body 12 extends at least
partially circumierentially about the mnner portion 13a, such
that the inner and outer portions 134, 135 are axially overlap-
ping. Accordingly, the axial extent or length of the rotary
body 12, and therefore also the stationary body 14 and the
shaft 3, 1s minimized or reduced in comparison to previously
known shatt support devices.
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[0020] Referring now to FIGS. 1-3, in an exemplary
embodiment, the mner portion 13a provides the thrust bal-
ance piston 18, which has opposing first and second axial
ends 18a, 1856 spaced axially apart along the central axis 4.
The thrust bearing portion 20 of the stationary body 14 1s
engageable with the outer portion 135 of the rotary body 12.
It will be appreciated, however, that 1n other exemplary
embodiments, the outer portion 135 may provide the thrust
balance piston 18, and the thrust bearing portion 20 may be
engageable with the mner portion 13a. Further, the inner and
outer portions 13a, 135 of the rotary body 12 may be 1nte-
grally formed, such that the rotary body 12 may be of one-
piece construction, or may instead be formed of two or more
separate members connected by any appropriate means
known 1n the art. The first axial end 18a of the thrust balance
piston 18 may include a first pressure surface 19a, which may
be generally radial. The first pressure surface 19a 1s expose-
able to a source of relatively higher pressure gas S,, . during
operation of the turbomachine 1. The second axial end 185
may have a second pressure surface 195, which may be gen-
erally radial and exposeable to a source of relatively lower
pressure gas S; . As such, a net axial pressure force F, may
be exerted on the shaft 3 1n a first axial direction D, oriented
generally along the central axis 4 during operation of the
turbomachine 1.

[0021] The turbomachine 1 may be a centritfugal compres-
sor including at least one impeller 5, and each impeller 5 may
have an impeller outlet 56 and an 1impeller 1inlet 5a. As such,
the thrust balance piston 18 generates the axial pressure force
F . to counteract any opposing axial forces which result from
the pressure ditlerential between the axially spaced impeller
outlet(s) 56 and 1mpeller inlet(s) Sa.

[0022] In an exemplary embodiment, the inner portion 13a
of the rotary body 12 includes an outer circumierential sur-
face 22 extending generally between the first and second axial
ends 18a, 185 of the thrust balance piston 18, and the station-
ary body 14 includes a seal 24. The seal 24 1s configured to
engage the outer circumierential surface 22 so that the seal 24
prevents substantial fluid tlow generally between the first and
second axial ends 18a, 18b. The seal 24 may be a generally
annular labyrinth seal including a plurality of radially
inwardly extending annular shoulders or “teeth” 26 that are
slidably engageable with the outer circumierential surface 22
of the rotary body 12, but the seal 24 may also be constructed
in any other appropriate manner.

[0023] Inanexemplary embodiment, the outer portion 135
includes the thrust bearing collar 16 and the stationary body
14 includes at least one magnet 27. The thrust bearing collar
16 and the at least one magnet 27 together provide a magnetic
thrust bearing 30, which may be known 1n the art as an active
magnetic bearing (AMB). In an exemplary embodiment, the
at least one magnet 27 of an AMB may include an electro-
magnet. Using an electromagnet may allow the magnetic
thrust bearing 30 to control the position of the rotary body 12.
That 1s, the at least one magnet 27 may be configured to exert
force on the thrust bearing collar 16 so that the at least one
magnet 27 biases the rotary body 12 generally axially toward
the at least one magnet 27. Accordingly, the at least one
magnet 27 may act on the thrust bearing collar 16 to counter-
act axial forces on the shaft 3. The magnetic force biases the
thrust bearing collar 16, and thus the rotary body 12 and
ultimately the shait 3, 1n a direction opposing net axial forces
arising irom such factors as pressure differentials on the
impellers 5, and the like.
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[0024] In another exemplary embodiment, the at least one
magnet 27 may include only permanent magnets. If the at
least one magnet 27 only includes permanent magnets, the
magnetic thrust bearing 30 may counteract thrust forces on
the shaft 3, but may not actively control the position of the
rotary body 12 1n some embodiments.

[0025] Referring to FIGS. 2-5, in an exemplary embodi-
ment of the shaft support device 10, the stationary body 14
includes first and second body sections 32 and 34, which are
spaced apart along 1n the axial direction to define a gap
therebetween. The first and second body sections 32, 34 are
generally annular and include 1mner axial end surfaces 32a,
34a, respectively, which extend radially. The inner axial end
surface 32a faces generally toward the second body section
34, and the inner axial end surface 34a faces generally toward
the first body section 32. The first and second body sections
32, 34 also respectively include outer axial end surfaces 325,
34) extending radially, imnner circumierential surfaces 32c,
34¢ together defining a central bore 35, and outer circumfier-
ential surfaces 32d, 34d. In an exemplary embodiment, both
of the inner axial end surfaces 32a, 34a include two (1.€., 1nner
and outer) annular grooves 36, 37 that extend axially inwardly
from the 1nner axial end surfaces 32a, 34a.

[0026] The at least one magnet 27 may be first and second
magnets 28, 29. In an exemplary embodiment, the first mag-
net 28 1s disposed 1n the first body section 32, and the second
magnet 1s disposed 1n the second body section 34. The thrust
bearing collar 16 may be disposed between the first and
second magnets 28, 29. Accordingly, the first magnet 28 may
be configured to bias the thrust bearing collar 16 1n an axial
direction D, (see FIG. 1) toward the first magnet 28, and the
second magnet 29 may be configured to bias the thrust bear-
ing collar 16 1n the axial direction D, toward the second
magnet 29. As can be appreciated from FIG. 1, the axial
direction D, and the axial direction D, are oriented substan-
tially opposite to one another, such that, for example, a force
the axial direction D, would be substantially cancelled out by
a force of equal magnitude 1n the other axial direction D,.
Further, 1t will be appreciated that the magnets 28, 29 may be
configured to bias the rotary body 12 1n either axial direction
D,, D,, by changing the polarity of the magnets 28, 29.
[0027] Accordingly, the magnetic thrust bearing 30 may be
tormed between the outer portion 135 and the first and second
body sections 32, 34 of the stationary body 14, and may
balance axial forces exerted 1n either axial direction D, , D, by
having the first and second magnets 28, 29 interact with the
thrust bearing collar 16. The at least one magnet 27 may be a
permanent magnet or the core of an electromagnet. Further,
the direction 1n which any of the at least one magnet 27 biases
the rotary body 12 may be reversed by reversing the polarity
of the at least one magnet 27.

[0028] In exemplary embodiments, the at least one magnet
27 may be a plurality of magnets 27, each of which may be
disposed either 1n the first body section 32 or the second body
section 34. More particularly, the at least one magnet 27 may
be a set of four magnets: a first magnet 284, a second magnet
28b, a third magnet 29q, and a fourth magnet 2956. In an
exemplary embodiment, the first magnet 28a and the second
magnet 2856 may be disposed 1n the first body section 32, and
the third magnet 29aq and the fourth magnet 2956 may be
disposed 1n the second body section 34. The four magnets
28a-b and 29a-b may each be disposed 1n a separate one of the
grooves 36, 37 of each of the first and second body sections
32, 34. As shown, the first magnet 28a may be disposed in the
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groove 36 of the first body section 32, the second magnet 285
may be disposed 1n the groove 37 of the first body section 32,
the third magnet 29aq may be disposed 1n the groove 36 of the
second body section 34, and the fourth magnet 2956 may be
disposed in the groove 37 of the second body section 34. In
this arrangement, the first and third magnets 28a, 29a may be
configured to bias the rotary body 12 1n the axial direction D,
and the second and fourth magnets 285, 296 may be config-
ured to bias the rotary body 12 1n the axial direction D.,.

[0029] Furthermore, 1n an exemplary embodiment, the first
body section 32 may include an annular pocket surface 39,
which may also be described as a pocket, extending radially
outward from the mnner circumierential surface 32¢ ofthe first
body section 32 of the stationary body 14. It will be appreci-
ated, however, that 1n other exemplary embodiments, the
second body section 34 may include the annular pocket sur-
face 39, which may extend outwardly from the imnner circum-
terential surface 34¢. The annular pocket surtace 39 may be
configured to support the seal 24, which may be a labyrinth
seal as described above, such that the seal 24 extends into the
central bore 35. Additionally, the outer circumierential sur-
taces 32d, 34d of the first and second body sections 32, 34,
respectively, may each be configured to engage a compressor
structural member 6 such that the compressor structural
member 6 retains the shaft support device 10 at a generally
fixed position within the casing 2.

[0030] Referringto FIGS. 1 and 2, 1n an exemplary embodi-
ment, the shaft support device 10 includes a radial bearing
assembly 40 configured to support radial loading on the shatt
3. Theradial bearing assembly 40 1s at least partially disposed
within the stationary body 14 and includes a base member 42,
which 1s generally annular and 1s disposed at least partially
within the central bore 35 of the second body section 34 of the
stationary body 14. The radial bearing assembly 40 also has a
central bore 43, as well as a radial bearing 44 disposed within
the central bore 43, and 1s supported by the base member 42.
The radial bearing 44 may be a rolling element bearing and
may have a plurality of rolling cylinders 45. The radial bear-
ing 44 may, however, be formed as any other type of bearing
capable of supporting radial loading, such as a journal bear-
ing, a ball bearing, a tapered roller bearing, etc. Further, the
radial bearing assembly 40 includes a sealing member 46,
which may be generally annular 1n shape, and 1s connected
with the base member 42. The sealing member 46 may be
spaced axially from the radial bearing 44, and may have an
outer circumierential end 46a engaging the base member 42
and an mner circumierential end 465 configured to sealingly
engage the shait 3. The sealing member 46 may be a labyrinth
seal, and may include a plurality of radially inwardly extend-
ing annular shoulders or “teeth” 48 that may slidably engage
the shatt 3, but may be configured 1n any other appropnate
mannet.

[0031] Referring now to FIGS. 4 and 5, 1n an exemplary
embodiment of the shait support device 10, the inner portion
13a of the rotary body 12 provides the balance piston 18 and
a first thrust bearing collar 17a. The outer portion 135 pro-
vides a second thrust bearing collar 175, which may be a
magnetic thrust bearing collar, as described above. It will be
appreciated, however, that 1n other exemplary embodiments,
the configuration of the inner and outer portions 13a, 135 may
be reversed: the outer portion 135 may provide the thrust
balance piston 18 and the first thrust bearing collar 17a, while
the inner portion 13a provides the second thrust bearing collar

175.
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[0032] Further, in an exemplary embodiment, the inner por-
tion 13a of the rotary body 12 includes a hub section 30
mounted on the shaft 3, a piston section 52 spaced radially
outward from the hub section 50, and a collar section 54 that
connects the hub section 50 and the piston section 32 and
provides the first thrust bearing collar 17a. The hub section 50
1S generally tubular and has a central bore 31 defined therein
that 1s sized to receive a portion of the shaft 3, which may
thereby couple the rotary body 12 with the shait 3 The piston
section 52, which 1s also generally tubular 1n shape and may
thus be described as a tubular piston section, extends circum-
terentially about the hub section 50, and provides the first and
second pressure surfaces 19q, 1956. Further, the collar section
54 extends generally radially between the hub section 50 and
piston section 52, and has opposing radial engagement sur-
faces 55q, 33b that shidingly engage the first thrust bearing
portion 21a of the stationary body 14, as described below.

[0033] Inanexemplary embodiment, the outer portion 1356
includes a disk 56, which 1s generally annular in shape and
may also be known 1n the art as a thrust disk. The disk 56
extends radially outward from the piston section 52 of the
inner portion 13a and thereby provides the second thrust
bearing collar 175. Additionally, the hub section 50, the pis-
ton section 52, the collar section 34, and the disk 56 may
optionally be itegrally formed, such that the rotary body 12
1s of one-piece construction, but may also be formed of sepa-
rate sections connected together by any appropriate means
(e.g., welding, fasteners, etc.).

[0034] In an exemplary embodiment, the stationary body
14 includes the mner thrust bearing portion 21a, which slid-
ingly engages the collar section 34 of the inner portion 13a of
the rotary body 12. The stationary body 14 includes the outer
thrust bearing portion 215, which operatively engages the
disk 56. In the exemplary embodiment, the disk 56 also pro-
vides the second thrust bearing collar 175. The 1nner thrust
bearing portion 21a includes first and second thrust bearing
members 57a, 57b, respectively, which each slidingly engage
a separate one of the radial engagement surfaces 55a, 555,
respectively, of the collar section 54. Each of the first and
second thrust bearing members 57a, 575 includes a contact
bearing member 58, which 1s generally annular and provides
a fixed bearing surface 59 contactable with a proximal
engagement surface 53a, 355, respectively. The contact bear-
ing member 38 may be fabricated of a sacrificial material,
which 1s a soft and mnexpensive material, for example carbon
graphite, mntended to absorb any wear that may result from
regular use of a machine. In another exemplary embodiment,
cach of the first and the second thrust bearing members 574,
57b may include a plurality of rolling contact elements, a
plurality of tilt pads, or any other appropriate bearing element
(not shown) 1nstead of, or 1n addition to, the contact bearing
member 38. Further, the second thrust bearing portion 215
may include the at least one magnet 27, the first and second

magnets 28, 29, or the first through fourth magnets 28a-5,
29a-b, as described 1n detail above.

[0035] Inanexemplary embodiment shown in FIGS. 4 and
5 the first body section 32 has a bearing mount 60, which
extends radially inward and 1s configured to support the first
thrust bearing member 57a. However, 1t will be appreciated
that in other exemplary embodiments the second body section
34 may 1nstead provide the bearing mount 60. Further, 1n the
exemplary embodiment shown 1 FIGS. 4 and 5, the radial
bearing assembly 40 1s generally similar to the embodiment
of the radial bearing assembly 40, shown i FIG. 1 and
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described above, except that the base member 42 includes a
bearing mount 62 configured to support the second thrust
bearing member 575.

[0036] Referring to FIG. 6, 1n an exemplary embodiment of
the shait support device 10, the inner and outer portions 13a,
1356 of the rotary body 12 each provide the thrust bearing
collar 16. Accordingly, the thrust bearing collar 16 has two
thrust bearing collars: a first thrust bearing collar 17q and a
second thrust bearing collar 175, The stationary body 14
includes the inner and outer thrust bearing portions 21a, 215.
The 1mmner thrust bearing portion 21q slidingly engages the
first thrust bearing collar 174, creating a mechanical thrust
bearing. The outer thrust bearing portion 215, which may
include the at least one magnet 27, engages the second thrust
bearing collar 175. It will be appreciated, however, that the
configuration may be reversed: the inner thrust bearing por-
tion 21a may include the at least one magnet 27 and the outer
thrust bearing portion 215 may include one or more mechani-
cal bearing members (structure not depicted). Further, addi-
tional bearing members may also be included 1n the configu-
ration to support additional radial or axial loading. Thus, 1n an
exemplary embodiment, the shaft support device 10 may not
include a thrust balance piston and, as depicted in FIG. 6, may
be formed without a radial bearing assembly.

[0037] In the exemplary embodiment of FIG. 6, the rotary
body 12 turther includes a disk 72 and a hub 70. The hub 70
1s generally cylindrical, 1s mounted on the shaft 3, and has a
central bore 71 defined therein, which 1s configured to recerve
a portion of the shait 3. Further, the disk 72 1s generally
annular, extends radially outward from the hub 70, and pro-
vides the thrust bearing collars 17a, 175. The disk 72 may
have opposing radial surfaces 74, 76, which each have a radial
inward section 74a, 76a, respectively. Each radially imnward
section 74a, 76a may slidingly engage the first thrust bearing
portion 21a of the stationary body 14. The disk 72 may also
have an outer disk portion 725, which may be radial and may
magnetically engage the second thrust bearing portion 215.
The inner radial portion 72a of the disk 72 1s likewise engage-
able by the at least one magnet 27. The disk 72 may also have
outer radial surface sections 745, 765 each of which may
slidingly engage stationary mechanical bearing elements
(structure not depicted).

[0038] The shaft support device 10 of the exemplary
embodiment shown in FIG. 6, does not include a thrust bal-
ance piston or a radial bearing assembly. As such, the first and
second body sections 32, 34 are formed without clearance for
a radial bearing or an annular pocket surface for a thrust
balance piston seal. The first thrust bearing portion 21a also
includes the first and second thrust bearing members 574,
57b, which are axially spaced, and slidingly engage the radial
inward sections 74a, 76a, respectively. Accordingly, the first
and second body sections 32, 34 of the stationary body 14
cach include the bearing mount 60, which extends inwardly,
and are configured to support a separate one of the first and
second thrust bearing members 57a, 57b.

[0039] By having a rotary body 12 that includes axially
overlapping thrust bearing collar(s) 16 and/or balance piston
(s) 18, the entire shait support device 10 requires a reduced
axial length 1n comparison with previous shaft support
devices. As such, both the shaft 3 and the casing 2 may be
formed with lesser shaft length, thereby reducing material
costs and making the entire compressor more compact.

[0040] The foregoing has outlined features of several
embodiments so that those skilled in the art may better under-
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stand the detailed description that follows. Those skilled 1n
the art should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other pro-
cesses and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions and alterations herein
without departing from the spirit and scope of the present
disclosure.

We claim:

1. A shatt support device for a turbomachine comprising:

a rotary body connected to a shaft of the turbomachine and

comprising an inner portion comprising a thrust balance
piston, and an outer portion comprising a thrust bearing
collar, wherein the outer portion 1s disposed at least
partially radially outward from the inner portion and
axially overlapping the 1nner portion; and

a stationary body disposed in and fixably connected to a

casing of the turbomachine, comprising a thrust bearing
portion operatively engaging the thrust bearing collar of
the outer portion of the rotary body, and sealingly engag-
ing the inner portion of the rotary body.

2. The shaft support device of claim 1, wherein the inner
and outer portions are integral such that the rotary body 1is
substantially of one-piece construction.

3. The shait support device of claim 1, wherein the thrust
bearing portion of the stationary body includes at least one
magnet configured to bias the outer portion of the rotary body
in an axial direction.

4. The shaft support device of claim 1, wherein the station-
ary body further comprises a first body section and a second
body section, the first and second body sections spaced axi-
ally apart to define a gap therebetween, wherein at least a
portion of the outer portion of the rotary body 1s disposed in
the gap, the stationary body further comprising a plurality of
magnets, at least one of the plurality of magnets 1s disposed in
the first body section and at least another one of the plurality
of magnets 1s disposed 1n the second body sections, wherein
the plurality of magnets magnetically bias the rotary body.

5. The shaft support device of claim 1, wherein:

the inner portion of the rotary body further comprises a hub

section attached to the shait, a piston section disposed
around and spaced radially apart from the hub section,
and a collar section extending between and connecting
the hub and piston sections; and

the stationary body further comprises a seal engaging the

piston section, and an inner thrust bearing portion
engaging the collar section.

6. The shait support device as recited in claim 1, wherein
the stationary body further comprises a radial bearing assem-
bly configured to support radial loading on the shatft.

7. The shatt support device as recited in claim 6, wherein
the stationary body further comprises an annular section
defining a central bore, and the radial bearing assembly com-
prises a base member disposed at least partially 1n the central
bore of the annular section, and a sealing member having an
outer circumierential end configured to engage the base
member and an 1nner circumierential end configured to seal-
ingly engage the shatt.

8. A shait support device for a turbomachine comprising;

a rotary body connected to a shaft of the turbomachine and

comprising a first portion having a thrust balance piston
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and a second portion having a thrust bearing collar,
wherein the first and second portions are axially over-
lapping; and

a stationary body disposed in and fixably attached to a
casing of the turbomachine and comprising a first thrust

bearing portion disposed adjacent to and operatively
engaging the first portion of the rotary body.

9. The shait support device of claim 8, wherein the first
portion of the rotary body extends radially outward from the
second portion, and the second portion 1s attached to the shatt.

10. The shatt support device of claim 8, wherein the second
portion of the rotary body extends radially outward from the
first portion, and the first portion is attached to the shatft.

11. The shait support device of claim 8, wherein the sta-
tionary body further comprises first and second body sections
spaced axially apart to define a gap therebetween, wherein the
second portion of the rotary body 1s at least partially disposed
in the gap.

12. The shaft support device of claim 11, wherein the first
thrust bearing portion of the stationary body comprises at

least one magnet configured to magnetically bias the second
portion of the rotary body.

13. The shatt support device of claim 12, wherein the at
least one magnet 1s a plurality of magnets, each individual
magnet of the plurality of magnets being disposed 1n the first
body section or the second body section, wherein at least one
of the plurality of magnets 1s configured to bias the second
portion of the rotary body 1n a first axial direction, and at least
another one of the plurality of magnets 1s configured to bias
the second portion of the rotary body 1n a second axial direc-
tion, wherein the first and second axial directions are substan-
tially opposing axial directions.

14. The shatt support device of claim 8, wherein:

the first portion of the rotary body further comprises a hub
section connected to the shaft, a piston section disposed
around the hub section and spaced radially apart from
the hub section, the piston section having first and sec-
ond axial ends and an outer circumierential surface
extending between the first and second axial ends,
wherein the first axial end 1s exposable to a source of
relatively high pressure gas and the second axial end 1s
exposable to a source of relatively low pressure gas, and
a collar section extending between and connecting the
hub and piston sections; and

the stationary body further comprises a seal configured to
sealingly engage the outer circumierential surface of the
piston section of the rotary body and a second thrust
bearing portion operatively engaging the collar section.

15. The shatt support device as recited 1n claim 8 wherein
the stationary body further includes a radial bearing assembly
configured to support radial loading on the shatt.

16. The shatt support device as recited 1n claim 15, wherein
the stationary body further comprises an annular section
defining a central bore and the radial bearing assembly com-
prises a base member disposed at least partially within the
central bore of the annular section, and a sealing member
having an outer circumierential end engaging the base mem-
ber and an 1nner circumierential end configured to sealingly
engage the shatft.

17. A shait support device for a turbomachine comprising;:

a rotary body connected to a shait of the turbomachine, and
comprising a plurality of thrust bearing collars, wherein
cach one of the plurality of thrust bearing collars 1s at
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least partially axially overlapping another one of the
plurality of thrust bearing collars; and

a stationary body disposed in and fixably connected to a

casing of the turbomachine and comprising a plurality of
thrust bearing portions, each one of the plurality of thrust
bearing portions being disposed adjacent to and opera-
tively engaging one of the plurality of thrust bearing
collars.

18. The shait support device of claim 17, wherein at least
one of the plurality of thrust bearing portions includes at least
one magnet configured to engage at least one of the plurality
of thrust bearing collars to bias the rotary body 1n an axial
direction and at least another one of the plurality of thrust
bearing portions includes a plurality of rolling contact ele-
ments, a {ixed bearing surface, or a plurality of tilt pads.

19. The shatt support device of claim 17, wherein:

the stationary body further comprises first and second body

sections spaced axially apart to define a gap therebe-
fween,

the rotary body 1s disposed further comprises a disk dis-

posed at least partially in the gap; and
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a plurality of magnets each individually disposed in the
first or second body sections and located 1n at least one of
the plurality of thrust bearing portions, wherein at least
one of the plurality of magnets 1s configured the bias the
disk of the rotary body 1n a first axial direction, and at
least another one of the plurality of magnets 1s config-
ured to bias the disk of the rotary body 1n a second axial
direction, wherein the first and second axial directions
are opposing directions.

20. The shaft support device of claim 17, wherein the
stationary body further comprises an annular section defining
a central bore, and the shaft support device further comprises
aradial bearing assembly configured to supportradial loading
on the shaft, wherein the radial bearing assembly comprises a
base member disposed at least partially within the central
bore of the annular section, and a sealing member having an
outer circumierential end engaging the base member and an

inner circumierential end configured to sealingly engage the
shaft.
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